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© Bioabsorbable blends of a bioabsorbable copolymer and a poly(oxyalkylene). 



© Bioabsorbable compositions useful for coating 
medical devices include a blend or physical mixture 
of a poly(oxyalkylene), such as polyethylene oxide, 
and a bioabsorbable copolymer having soft seg- 
ments, such as glycolide-trimethyiene carbonate 
copolymer. 
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F SELD O F T HE INVENTION 

This invention relates generally to novel bioab- 
sorbable compositions. More particularly, this in- 
dention relates to new bioabsorbable polymer 
blends useful for coating medical devices. 

BA CKGROUND OF O F THE INV ENTION 

Bioabsorbable coatings are applied to a wide 
range of medical devices for a variety of reasons. 
The nature of the medical device used as the 
substrate for the coating will normally determine 
which particular characteristics are desired in the 
coating. For example, implantable porous pros- 
theses for use as bone or other hard tissue re- 
placements are usually formed from polymeric 
beads or particles having a biologically compatible, 
hydrophilic coating. The hydrophilic coating on the 
particles facilitates infusion of body fluids into the 
pores of the implant, thereby facilitating the ing- 
rowth of tissue into the pores of the implant. Such 
prostheses are described in U.S. Patent Nos. 
4,728,570; 4,535,485; 4,547,327; and 4,536,158. 

As another example, synthetic vascular grafts 
made from tubes of fabric may be manufactured 
from yarns coated with a hydrophilic coating. In 
addition, a surface of the fabric may be coated with 
an absorbable coating to temporarily render the 
otherwise porous fabric impervious to blood and/or 
other body fluids. It is desirable that the fluids- 
occluding coating exhibit sufficient elasticity to ac- 
commodate the alternate elongation and contrac- 
tion which the tubular fabric prothesis undergoes 
when implanted in the body. Such tubular fabric 
protheses are described in U.S. Patent No. 
4,990,158. 

In certain applications, a medical device may 
advantageously include a hydrophobic coating. Hy- 
drophobic coatings provide desirable handling 
characteristics, allowing easy and accurate posi- 
tioning of the device, better holding of knots, and 
decreased slipping in the gloved hands of sur- 
geons. Additionally, medical devices with hydro- 
phobic coatings may provide improved tissue re- 
taining properties, for example, where it is desired 
to hold tissue together. 

Copolymers of glycolide and trimethylene car- 
bonate (also referred to as 1 ,3-dioxan-2-one) have 
been used to fabricate bioabsorbable medical de- 
vices or surgical articles. See lor example, U.S. 
Patent Nos. 4,243,775; 4,300,565; 4,429,080; 
4,633,873; and 4,719,917. Additionally, glycolide- 
trimethySene carbonate (GTMC) polymers have 
been applied to sutures and other surgical articles 
as a bioabsorbable coating. See U.S. Patent Nos. 
4,705,820 and 4,788,979. GTMC polymers have 
also been formed into filaments and braided with 
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non -absorbable components (see U.S. Patent No. 
4,792,336) and used to coat or encapsulate a wov- 
en mesh or other textile structures formed by fila- 
ments of non-absorbable polymers (see European 
5 Patent Application No. 0334046). 

U.S. Patent No. 4,452,973 describes poly- 
(glycolic acid)/poly{oxyalkylene) ABA triblock 
copolymers useful as absorbable sutures. 

70 SUMMARY OF THE I NVENTION 

It has now been found that blends of poiy- 
(oxyaiklylene) with a bioabsorbable copolymer hav- 
ing soft segments are useful as bioabsorbable 

)5 compositions, such as, for example bioabsorbable 
coatings for medical devices. These blends provide 
coatings which have good elastic, durability and 
hydrophilic and/or hydrophobic properties as re- 
quired for a particular end use. The soft segments 

zo of the copolymer may be formed by incorporating 
into the copolymer a monomer selected from the 
group consisting of trimethylene carbonate, diox- 
anone, caprolactone, aikyiene oxalates, hydrox- 
ybutyrates, esteramides, hydroxyvalerates, 

25 urethanes, hexamethylene carbonate and mixtures 
thereof. The blend optionally includes a medico- 
surgically useful substance, such as, for example, 
an antithrombogcnic substance. 

30 DESCRIP TION OF PREFERRED EMBODIM ENTS 

The compositions of the present invention 
comprise polymer blends containing or physical 
mixtures of: (a) a bioabsorbable copolymer having 

35 soft segments; and (b) poly(oxyalkylene). 

Bioabsorbable copolymers suitable for prepar- 
ing the blends of this invention contain one or more 
comonomer which provide soft segments. For ex- 
ample, soft segments may be incorporated into 

40 polymers of glycotide, lactide or glycolide lactide 
copolymers by incorporating trimethylene carbon- 
ate as a comonomer during polymerization. Other 
comonomers suitable for generating soft segments 
include dioxanone, caprolactone, aikyiene oxalates, 

45 hydroxybutyrates, esteramides, hydroxyvalerates, 
urethanes, hexamethylene carbonate and mixtures 
thereof. Trimethylene carbonate, dioxanone and 
caprolactone are the preferred comonomers. These 
comonomers may be present in an amount tip to 

50 75 mole percent, and preferably between about 65 
mole percent. 

The bioabsorbable copolymer used in the 
present invention may be formed by copolymeriz- 
ing one or more of the aforementioned soft seg- 

55 ment comonomers with one or more monomers 
known to produce a bioabsorbable polymer, such 
as, for example, glycolide or lactide. Preferred 
bioabsorbable copolymer include copolymers of 
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glycolide and trimethylene carbonate. 

Glycolide-trimethylene carbonate copoSymers 
employed in particularly useful embodiments of the 
present invention may contain tip to about 50 mole 
percent glycolide and up to about 75 mole percent 5 
trimethylene carbonate. A preferred copolymer is 
gSycolide/trimethylene carbonate (QTMC) 
copolymer containing about 35 mole percent 
glycolide and about 65 mole percent trimethylene 
carbonate. ?o 

Poiyoxyalkylenes useful in this invention in- 
clude those which are hydrophiSic in nature, such 
as, for example, polyethylene oxide, poly- 
(oxyethylene-oxypropylene) copolymers and block 
copolymers of poiyoxyethylene and polyox- 15 
ypropylene commercially available under the 
tradename Pluronic. Hydrophobic polyethers may 
also be used in the present blends. Suitable hy- 
drophobic polyethers include polypropylene oxide, 
polypentylene oxide and poly-1,4-butane diol. 20 

Polyethylene oxide <PEO) polymers suitable for 
use in this invention are commercially available in a 
wide variety of molecular weights. Preferred poly- 
ethylene oxide polymers are those having a molec- 
ular weight from about 400 to about 20,000. Most zs 
preferred is a polyethylene oxide with a molecular 
weight of 8000. Generally, as the amount of poly- 
ethylene oxide in the blend is increased, the 
hydrophylicity of the blend will increase. The poly- 
mer blends may include poly(oxyalkylene) in an 30 
amount up to about 50 percent based on the total 
weight of the blend. Preferably, the blend will con- 
tain between about 10 and 20 percent polyalkylene 
oxide based on the total weight of the blend. 

The compositions of the present invention may 35 
be formulated to possess a desired set of char- 
acteristics depending on the application in which 
the compositions are to be used. For example, the 
hydrophobic or hydrophilic nature of the composi- 
tion may be adjusted by the choice of polyalkylene m 
oxide or mixture of polyalkylene oxides. A balance 
of hydrophiSic and hydrophobic characteristics are 
achievable by the compositions of the present in- 
vention. As another example, the rate at which the 
composition bioabsorbs may be adjusted by vary- 45 
ing the amounts of glycolide and trimethylene car- 
bonate in the copolymer. 

Other components may be included in the 
compositions of this invention such that the coating 
compositions are employed as a carrier for one or 50 
more medico-surgically useful substances, 
e.g., those which accelerate or otherwise benefi- 
cially modify the healing process when applied to a 
wound or surgical site. In general, any biologically 
active material which is soluble in and otherwise ss 
compatible with the selected coating composition 
can be incorporated therein in therapeutically use- 
ful amounts. For example, a therapeutic agent may 



be chosen for its antimicrobial properties, capability 
for promoting wound repair and/or tissue growth or 
for specific indications such as thrombolysis. An- 
timicrobial agents such as broad spectrum antibiot- 
ics (gentamycin sulphate, erythromycin or de- 
rivatized giycopeptides) which are slowly released 
into the tissue can be applied in this manner to aid 
in combating clinical and sub-clinical infections in a 
surgical or trauma wound site. To promote wound 
repair and/or tissue growth, one or several growth 
promoting factors can be added to the coating, 
e.g., fibroblast growth factor, bone growth factor, 
epidermal growth factor, platelet derived growth 
factor, macrophage derived growth factor, alveolar 
derived growth factor, monocyte derived growth 
factor, magainin, and so forth. Some therapeutic 
indications are: glycerol with tissue or kidney plas- 
minogen activator to cause thrombolysis, superox- 
ide dismutase to scavenge tissue damaging free 
radicals, tumor necrosis factor for cancer therapy 
or colony stimulating factor and interferon, 
interleukin-2 or other lymphokine to enhance the 
immune system. Other examples of materials 
which may be added to the blends of this invention 
include antithrombogenic agents (such as heparin, 
hirudin and prostaglandins), pharmacologically ac- 
tive agents, anti-coagulants, osteogenic factors, 
anti-fungals, immunosuppressive agents, anti-in- 
flammatory agents, preservatives, saccharides, di- 
agnostic agents, antihistamines, hormones, en- 
zymes, peptides and/or steroids. The amount of 
each additional component added will depend on 
the particular nature of the component and the 
purpose for adding the component. Typically, how- 
ever, the amount of each optional component will 
be below about 10% by weight of the total weight 
of the blend. 

The phrase "total weight of the blend" is in- 
tended to include the weight of GTMC and poty- 
(oxyalkylene) and any additional ingredients includ- 
ed in the blend, but is intended to exclude the 
weight of the solvent, if any, employed in mixing or 
applying the blend. 

The preparation and application of the polymer 
blends of the present invention may be accom- 
plished by any suitable method which provides a 
substantially homogenous mixture of the two princi- 
pal polymer components (i.e., GTMC and poly- 
(oxyalkylene)). For example, the bioabsorbable 
copolymer and poly(oxyalkylene) may be melt 
blended. Preferably, the components of the blends 
are dissolved in a solvent and mixed to provide a 
substantially homogenous solution. The solution is 
applied to a substrate such as a medical device, 
and the solvent is removed, such as for example, 
by evaporation. 

More particularly, in forming the solution it is 
preferred to first dissolve the GTMC polymer in just 
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enough solvent to dissolve the polymer with stir- 
ring. Then the poly(oxyalkylene) is slowly added 
with continued stirring. If necessary, additional 
amounts of solvent may be added to effectuate 
complete dissolving of the poiy(oxyalkylene). 

The compositions of this invention form absor- 
bable films having good durability, elastic and hy- 
drophiiic or hydrophobic properties. They may be 
used for surface coating and/or encapsulating and 
may act to fill voids or interstices in medical de- 
vices, such as, for example, vascular graft materi- 
als or beads used to form orthopedic or dental 
implants- The coating compositions may be applied 
to absorbable or non-absorbable substrates. 

EXAMPLE 

Copolymer Preparatio n 

A copolymer of glycolide and frimethylene car- 
bonate was prepared by melt phase ring opening 
copolymerization of 28.42 grams (35 mole percent) 
glycolide and 46.41 grams (65 mole percent) 
trimethylene carbonate in the presence of stannous 
octoate (1.9 cc of .2 gms of stannous octoate 
dissolved in 25 cc of ether) in an appropriate 
reaction vessel at 160° C for 12 hours. After poly- 
merization the vessel was allowed to cool to room 
temperature. The polymer was then removed from 
the vessel, dried in vacuum and kept dry until 
used. 

Polymer Ble nd Pre paration 

22,5 grams of dried poly (glycolide-co- 
tri methylene carbonate) was placed into a round 
bottom flask and dissolved in about 200 ml of 
methylene chloride. Polyethylene oxide (2.5 gms; 
molecular weight 8000) was slowly added to this 
solution while stirring. After complete addition of 
polyethylene oxide, stirring of the mixture was con- 
tinued for 16 hours. After thorough mixing, the 
solution mixture was poured into a dish and the 
excess solvent was evaporated. The thick film 
formed was dried well under vacuum (24 hours at 
room temperature) and stored dry. The resulting 
material contained 90% GTMC copolymer and 
10% PEO. 

Coating Onto Vascular Graft Tubes 

A polymer blend was prepared as described 
above containing 20 percent polyethylene oxide 
based on the total weight of the blend. A 5% 
solution of the blend in methylene chloride was 
applied to a length of a vascular graft tube having a 
diameter of 2-3 mm by dipping the tube into the 
solution and evaporating off the solvent. The vascu- 



lar graft tube was woven from filaments of both 
absorbable and non-absorbable materials; namely, 
filaments of poly(giycolide/lactide) and filaments of 
HytreS 5556 (an elastomer commercially available 

5 from E. I. duPont de Nemours & Co., Delaware). In 
vitro testing suggests that the blend of this Exarrt- 
ple would begin to absorb in about 2-3 hours after 
implantation into a mammalian body. 

It is not intended to limit the present invention 

to to the specific embodiments described above. St is 
recognized that changes may be made in the coat- 
ing compositions specifically described herein with- 
out departing from the scope and teaching of the 
instant invention, and it is intended to encompass 

15 all other embodiments, alternatives and modifica- 
tions consistent with the invention. 

Claims 

20 1. A bioabsorble composition comprising a mix- 
ture Of: 

a bioabsorbable copolymer having soft 
segments; and 

a poly(oxyalkylene). 

25 

2. A composition according to claim 1 wherein 
said soft segments are provided in said 
copolymer by one or more comonomers se- 
lected from trimethylene carbonate, dioxanone, 
so coprolactones, alkylene oxylates, hydrox- 

ybutyratcs, esteramidos, hydroxyvalerates, 
urethanes, hexamethylene carbonate, and mix- 
tures thereof. 

35 3. A composition according to claim 1 or 2 
wherein said soft segment comonomer Is 
present in said copolymer in an amount of up 
to about 75 mole %. 

40 4. A composition according to claim 3 wherein 
said soft segment comonomer is present in 
said copolymer in an amount of about 65 %. 

5. A composition according to any one of the 
45 preceding claims wherein said poiy- 

(oxyalkylene) is present in the mixture in an 
amount less than about 30 % based on the 
weight of the total mixture. 

so 6. A composition according to claim 2 wherein 
said copolymer comprises one or more mon- 
omers selected from glycolide and iactide. 

7. A composition according to any one of the 
55 preceding claims and including a medico-sur- 

gically useful substance which is an antithrom- 
bogenic agent. 
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8. A bioabsorbable composition comprising a 
mixture of: 

a copolymer of glycoiide and trimethylene 
carbonate; and 

a poly (oxy alky lene). 5 

9. A composition according to claim 8 wherein 
the copolymer comprises: 

glycoside in an amount up to about 50 
mole percent; and io 

trimethylene carbonate in an amount up to 
about 75 mole percent. 



16. A method as in claims 13, 14 or 15 wherein 
said blend further comprises an effective 
amount of a medico-surgtcally useful sub- 
stance. 

17. A method of coating a medical device com- 
prising applying a blend of poly(oxyalkylene) 
and a copolymer of glycoiide and trimethylene 
carbonate to at least a portion of the medical 
device. 



10. A composition according to claim 9 wherein 

said copolymer comprises about 35 mole per- is 
cent glycoiide and about 65 percent glycoiide 
and about 65 percent mole trimethylene car- 
bonate. 

11. A composition according to any one of the so 
preceding claims wherein said poly- 
(oxyalkylene) is present in an amount from 
about 1 0 percent to about 20 percent based on 

the weight of the mixture. 

12. A composition according to any one of the 
preceding claims wherein said poiy- 
(oxyalkyiene) is selected from polyethylene ox- 
ide, polypropylene oxide, poly(oxyethylene-ox- 
ypropylene) copolymers, polypentylene oxide, 30 
poly-1 ,4-butane diol and block copolymers of 
polyoxyethylene and poiyoxypropylene. 

13. A method of coating a medical device com- 
prising applying to the device a blend of a 35 
poly(oxyalkylene) and a bioabsorbable 
copolymer having soft segments. 

14. A method as in claim 13 wherein said soft 
segments are provided in said copolymer by <to 
polymerizing one or more comonomers se- 
lected from trimethylene carbonate, dioxanone, 
caprolactone, alkylene oxalates, hydrox- 
ybutyrates, esteramides, hydroxyvalerates, 
urethanes, hexamethylene carbonate and mix- 45 
tures thereof with one or more monomers se- 
lected from the group consisting of glycoiide 

and lactide. 

15. A method according to claim 13 or 14 wherein so 
the step of applying said blend comprises: 

preparing a solution by dissolving a poly- 
(oxyalkylene) and a said copolymer in a sot- 
vent; 

applying said solution to the medical de- 55 
vice; and 

removing said solvent. 
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